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 ,QWURGXFWLRQ




FDQEHRYHUFRPHE\SODFLQJD WKLUGPDWHULDOFDOOHGDVD ILOOHUPDWHULDO LQEHWZHHQ WKHSDUHQWPDWHULDOV7KLV ILOOHU
PDWHULDOLQLWLDWHVWKHUHDFWLRQRQWKHFHUDPLFVXUIDFHVRDVWRIRUPDVWURQJDQGWHPSHUDWXUHUHVLVWDQWMRLQW 6RWKLV
OHDGV WR WKH GHYHORSPHQW RI QHZ MRLQLQJ SURFHVV IRU MRLQLQJ GLIIHUHQWPDWHULDOV %UD]LQJ LV D SURFHVV IRU MRLQLQJ
VLPLODURUGLVVLPLODUPDWHULDOVE\ XVLQJD ILOOHUPHWDOWKDWKDVDFRPSRVLWLRQRIFRSSHUFRPELQHGZLWKVLOYHUQLFNHO
]LQF7LWDQLXP RUSKRVSKRUXV7HPSHUDWXUHUDQJHRIEUD]LQJSURFHVVLVW\SLFDOO\& ± &,QWKHUHFHQWSDVW
$EKLMLW.DUHWDO &KXQJ HWDO  'RY6KHUPDQ DQG 7RPOLQVRQ  UHSRUWHGLQWKHLUUHVHDUFK RQ
WKHEUD]LQJRIGLVVLPLODUPDWHULDOV )XUQDFHEUD]LQJ%UD]LQJE\PHWDOOL]DWLRQSURFHVVDQGODVHUEUD]LQJDUHVRPHRI
WKH LPSRUWDQW SURFHVVHV XVHG IRU MRLQLQJ FHUDPLFZLWKPHWDO VWDWHG E\5REHUW HW DO  0HWDOOL]DWLRQ LV YHU\
H[SHQVLYH DQG WLPH FRQVXPLQJ SURFHVV 2QH RI WKH PRVW FRPPRQO\ XVHG PHWDOOL]DWLRQ SURFHVVHV LV 0R0Q
PHWDOOL]DWLRQ7KHPHWDOL]HGFHUDPLFFDQEHMRLQHGZLWKPHWDOXVLQJ$J&XHXWHFWLFDOOR\DVILOOHUEUD]HPDWHULDOLQ
DYDFXXPIXUQDFH$FWLYHEUD]LQJRIFHUDPLFVDQGPHWDOVXVLQJHXWHFWLFEUD]LQJDOOR\KDVEHHQUHSRUWHGH[WHQVLYHO\
LQWKHOLWHUDWXUHDQGLVXVHGZLGHO\LQLQGXVWULDODSSOLFDWLRQV .RWR:KLWHHWDO  FRQILUPLQWKHLUUHVHDUFK$%$





VDQGZLFKHGLQEHWZHHQWKHSDUHQWPDWHULDOV $KLMLW .DUHWDO  DQG/LXHWDO  PHQWLRQHGD W\SHRI EUD]H
DOOR\ SXUHO\ GHSHQGV RQ WKH W\SHV RI WKH SDUHQW PDWHULDOV XVHG &XVLO &XVLO $%$ HWF DUH VRPH QDPHV RI
FRPPHUFLDOO\DYDLODEOHEUD]HDOOR\V7KHVDQGZLFKHGDVVHPEO\LVKROGHGLQLWVSRVLWLRQ E\ZUDSSLQJLWZLWKWKHVWHHO
ZLUHRUKROGLQJLWZLWKVRPHIL[WXUHLQRUGHUWRPDLQWDLQDWLJKWFRQWDFW LQEHWZHHQWKHSDUHQWPDWHULDOVDQGEUD]H
DOOR\7KLV DVVHPEO\ LV NHSW LQ D SURJUDPPDEOH IXUQDFH IRU DSDUWLFXODU WHPSHUDWXUHSURILOH+HDWLQJ DQG FRROLQJ
UDWHVKDVWREHGHFLGHGEDVHGRQWKHFRPSRVLWLRQRIEUD]HDOOR\2XWRIDERYHSURFHVVHVODVHUEUD]LQJKDVJRWGLVWLQFW
DGYDQWDJHRYHUDOORWKHUSURFHVVHVDVWLPHUHTXLUHGLQWKHFDVHRIODVHUEUD]LQJSURFHVVLVRIWKHRUGHURIIHZVHFRQGV
DVLQFDVHRI IXUQDFHEUD]LQJDQGEUD]LQJE\PHWDOOL]DWLRQWLPHLVLQ KRXUV VWDWHG E\ 6XGPH\HU HWDO  LQWKHLU
UHVHDUFK
7KLV SDSHU LV DLPHG DW DFKLHYLQJKLJK VWUHQJWK MRLQW RI $OXPLQD FHUDPLF DQG66E\ WKHXVHRI&XVLO $%$
DFWLYHEUD]LQJDOOR\VKHHWDVEUD]LQJDOOR\LQYDFXXPIXUQDFHEUD]LQJ7KHHIIHFWRIFKDQJHVLQYDULRXV SDUDPHWHUV
OLNH KROGLQJ WLPH RQ MRLQW VWUHQJWK DQG PLFURVWUXFWXUH ZHUH VWXGLHG 0LFURVWUXFWXUH FKDUDFWHUL]DWLRQ DQG SKDVH
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7KHILOOHUPDWHULDOZDVVDQGZLFKHGEHWZHHQWKHDOXPLQDDQGVWDLQOHVVVWHHOVXEVWUDWHVDVVKRZQLQ WKH )LJ )RU
VDQGZLFKLQJ WKHVH VXEVWUDWHV ZHUH ZDUSHG E\ VWDLQOHVV VWHHO ZLUH RI  JDXJHV $ &DUH KDV EHHQ WDNHQ ZKLOH
ZUDSSLQJWRSUHYHQWFRQWDPLQDWLRQRIGXVWSDUWLFOHVZLWKWKHILOOHUPDWHULDO7KHVDQGZLFKHGDVVHPEO\ZDVSODFHG
LQVLGHWKHYDFXXPIXUQDFH9DFXXPSUHVVXUHPDLQWDLQHGLQVLGHWKHFKDPEHUZDV WRUU









7KH EUD]HG VDPSOHV ZHUH FXW LQ RUGHU WR JHW D IUHVK VXUIDFH IRU FKDUDFWHUL]DWLRQ  7KH FXW VDPSOHV ZHUH
PHWDOORJUDSKLFDOO\ SROLVKHG ZLWK GLDPRQG SDVWH DQG FRDWHG ZLWK JROG SDOODGLXP IRU 6(0 )(, 4XDQWD 
6$,),,7%3KDVHVSUHVHQWDWWKHLQWHUIDFHVZHUHLGHQWLILHGE\;5'DQDO\VLV;3HUW3UR6KHDUVWUHQJWKRIWKH
EUD]LQJMRLQWZDVPHDVXUHGLQD870PDFKLQH/,2<',QVWUXPHQW
0LFURKDUGQHVV PHDVXUHPHQWVZHUHFDUULHGRXWVWDUWLQJIURPVWDLQOHVVVWHHOWRDOXPLQD FHUDPLF FRYHULQJERWKWKH
LQWHUIDFHVDQGWKHLQWHUPHGLDWHUHVLGXDOILOOHUDOOR\7KHPLFURKDUGQHVVWHVWVZHUHSHUIRUPHGXVLQJ9LFNHUVKDUGQHVV
WHVWHU+090LFUR KDUGQHVV WHVWHU $ ORDG RI J DQG JZDV DSSOLHG RQ 66ILOOHU DOOR\ DQG FHUDPLF VXUIDFH
UHVSHFWLYHO\  7KUHH UHDGLQJZHUH WDNHQ LQ HDFK FDVH 7KH SURFHVV SDUDPHWHUVZHUH VWXGLHG E\ SDUDPHWULFDOO\ E\
YDU\LQJKROGLQJWLPHPLQWRPLQDW϶ &UHVSHFWLYHO\
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5HVXOWDQG GLVFXVVLRQ
&KDUDFWHUL]DWLRQRIEUD]LQJMRLQWRI66DQG$OXPLQDFHUDPLFZLWK$FWLYH%UD]LQJ$OOR\ DVILOOHUPDWHULDO KDV
EHHQ GLVFXVVHG E\ 6(0 (';$1';5' DQDO\VLV )XUWKHU WKH EUD]HG MRLQW KDV EHHQ H[DPLQHG E\ PHFKDQLFDO




WKHMRLQW)LJ VKRZV WKH6(0LPDJHRIWKH66$OXPLQDEUD]HGMRLQWZLWK&XVLO$%$DWͼ &IRU  PLQ
KROGLQJ WLPH  )URP WKH LPDJHV LWZDV REVHUYHG WKDW WKHPDWHULDOV KDG ERQGHGZHOO DQG GHYRLG RI DQ\ SRUHV RU
GHIHFWV
)LJ 6(0LPDJHRI66&XVLO$%$$OXPLQD FHUDPLF
)LJ D VKRZVLQWHUIDFHEHWZHHQ66DQG&XVLO$%$DQG)LJ E VKRZVLQWHUIDFHEHWZHHQWKH&XVLO$%$
DQG$OXPLQD)URPWKHLPDJHVLWFDQEHVHHQWKDWGLIIXVLRQERQGLQJWDNHVSODFHEHWZHHQ66DQG&XVLO$%$
ZKLOHDGKHVLYHERQGLQJWDNHVSODFHEHWZHHQWKH&XVLO$%$DQG$OXPLQD
)LJ D6(0LPDJHRI66VLGH E6(0LPDJHRI $OXPLQDFHUDPLF VLGH
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%('; DQDO\VLV
)RUWKHVWXG\RIHOHPHQWVEHWZHHQ66DQG$OXPLQD(';DQDO\VLVKDVEHHQFDUULHGRXW 7KUHH]RQHVKDYH
EHHQVSRWWHGWKH]RQHDGMDFHQWWR66 ODEHOOHG DV$WKH]RQHDGMDFHQWWR$OXPLQDKDVEHHQ ODEHOOHG DV&DQG
WKH]RQHLQEHWZHHQ$DQG& ODEHOOHG DV%UHVSHFWLYHO\)LJ  VKRZVWKHVSRWWHGDUHDLQWKHEUD]HGMRLQW
)LJ -RLQWLQWHUIDFHRI66&XVLO$%$$OXPLQD FHUDPLF
,WFDQ EH REVHUYHG WKDWWKHWKLFNQHVVRIWKHLQWHUIDFHLVQHDUO\XQLIRUPLW\(OHPHQWVZKLFKH[LVWEHWZHHQ66
&XVLO$%$$OXPLQDDUHVKRZQLQWKH7DEOH 
7DEOH5HVXOWVRI(';RIVSRWVLQ )LJ DWRPIUDFWLRQ
VSRWV $O 2 0Q $J 7L &U )H 1L &X
$         
%         
&         





7R LGHQWLI\ WKH H[LVWHQFH RI SKDVHV LQ WKH LQWHUIDFH LW LV QHFHVVDU\ WR FDUU\ RXW ;5' DQDO\VLV RI WKH IUDFWXUH
VXUIDFHRIWKHEUD]HG66&XVLO$%$$OXPLQDFHUDPLFMRLQW3DUDPHWHUVVHOHFWHGIRUWKHDQDO\VLVDUHșUDQJLQJ





/L =KXRUDQ HW DO PHQWLRQHG LQ WKHLU UHVHDUFK WKHPLFURVWUXFWXUH RI WKH $OXPLQD $J&X7LPLOG
VWHHO EUD]HG MRLQW  FRQVLVWHG RI 7L&X27L$O7L0Q7L)H$JVV&XVV7L& &DR HW DO  PHQWLRQHG LQ
WKHLUUHVHDUFK
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)LJ  ;5'SDWWHUQVRILQWHUIDFHRI66&XVLO$%$
7KH PLFURVWUXFWXUH RI WKH $OXPLQD $J&X7LPLOG VWHHO EUD]HG MRLQW FRQVLVWHG
7L&X27L$O7L0Q7L)H$JVV&XVV7L& $EKLMLW .DU HW DO  FRQILUPHG LQ WKHLU UHVHDUFK 7L2
&X7L2DQG)H7LSKDVHVDWWKHDOXPLQDLQWHUIDFHDQG)H7LDQG)H&U1L7L DWWKH66LQWHUIDFH
)LJ ;5' SDWWHUQVRILQWHUIDFHRI$OXPLQDFHUDPLF&XVLO$%$
)URP WKH ;5' SDWWHUQ LW ZDV FRQILUPHG WKDW D UHDFWLRQ OD\HU IRUPHG DW WKH 66 &XVLO $%$ LQWHUIDFH
FRQVLVWLQJ RI PDLQO\ )H7L2 &RPSRXQGV  2Q WKH RWKHU VLGH UHDFWLRQ OD\HUV FRQVLVWLQJ SULPDULO\ RI &X7L2
FRPSRXQGVDUH IRUPHGDW WKH&XVLO$%$$OXPLQD LQWHUIDFH ,Q WKH UHVLGXDO]RQH$JVVDQG&XVV LV FRQILUPHG
IURPWKH(';DQDO\VLV  7KHHOHPHQWVDQGSKDVHVGHWHFWHGEHWZHHQ66DQG$OXPLQDLQWKH(';DQG;5'
UHVXOWVDUHLQJRRGDJUHHPHQW7LSUHVHQWLQWKH&XVLO$%$ZDVKLJKHQRXJKWRIRUPWKHUHDFWLRQSURGXFWOD\HUV




IL[WXUH SUHSDUHG IRU KROGLQJ WKH FRPSRQHQW ZKLOH WHVWLQJ WKH VKHDU VWUHQJWK LV VKRZQ LQ )LJ   7KH MRLQW VKHDU
VWUHQJWKDWIDLOXUHZDVFDOFXODWHGE\GLYLGLQJWKHPD[LPXPORDGVXSSRUWHGE\WKHODSMRLQWLQWHUIDFHDUHD
)LJ )L[WXUHIRUPHDVXULQJWKHVKHDUVWUHQJWKD)L[WXUHDVVHPEO\ E6HFWLRQYLHZ
)LJ (IIHFWRIKROGLQJWLPHDWͼ &RQWKHVKHDUVWUHQJWKRI $OXPLQDFHUDPLF&XVLO$%$66MRLQW
7KHHIIHFWRIKROGLQJWLPHRQ WKHVKHDUVWUHQJWKRIWKHEUD]HGMRLQWDWͼ &LVVKRZQLQ)LJ ,WLVREVHUYHG
WKDWWKHHIIHFWRIYDULDWLRQLQKROGLQJWLPHKDVDJUDGXDOO\GHFUHDVLQJWUHQG7KHKLJKHVWVWUHQJWKZDVREWDLQHGZKHQ
WKHKROGLQJWLPHZDVPLQ  +RZHYHUZKHQWKHKROGLQJWLPHLQFUHDVHVEH\RQGPLQ WKHVKHDUVWUHQJWK
GHFUHDVHV7KLVLVGXHWRWKHSUHVHQFHRIEULWWOHSKDVHVOLNH&X7L2DQG&X7L2 6DPDQGLHWDO &DRHW
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)LJ %UD]HG66&XVLO$%$$OXPLQDVDPSOHVD%HIRUHWHVW E$IWHUWHVW
%0LFURKDUGQHVVRIWKHEUD]HGMRLQW
7KHPLFURKDUGQHVV RI WKH EUD]HG MRLQW EHWZHHQ$OXPLQD FHUDPLF DQG 66  LV VWXGLHG XVLQJ+09KDUGQHVV
WHVWHU,QJHQHUDOPLFURKDUGQHVVLVDIXQFWLRQRIRULHQWDWLRQRIEDVDOSODQHDQGWKHLQGHQWDWLRQORDG7KLVRULHQWDWLRQ
DQG ORDGGHSHQGHQF\FDQEH FOHDUO\REVHUYHGZKHQ WKHH[SHULPHQW LVFDUULHGRXWDW ORZ ORDG ,W FDQEHREVHUYHG








KDUGQHVV WKDQ WKH66GXH WR WKHSUHVHQFHRI LQWHUPHWDOOLFV 2Q WKHRWKHUVLGH WKHKDUGQHVVYDOXHRIDOXPLQD
LQWHUIDFH LV +YDQG WKDW RI$OXPLQD LVa+Y +DUGQHVVRI WKH UHVLGXDO ILOOHU DOOR\ LV +Y ,W LV DOVR








)H7L2 SKDVHV DW WKH 66 &XVLO $%$ LQWHUIDFH 3KDVHV SUHVHQW DW WKH LQWHUIDFH EHWZHHQ &XVLO
$%$$OXPLQD FHUDPLF DUHPDLQO\&X7L2&X7L2 7KHKLJKHVWVKHDUVWUHQJWKREVHUYHGLV ц  03DZKHQ
EUD]LQJWHPSHUDWXUH DQGKROGLQJWLPHZHUH&DQGPLQUHVSHFWLYHO\ 7KHEULWWOHIUDFWXUHLVREVHUYHGLQWRWKH
DOXPLQD VXEVWUDWHGXULQJWKHVKHDUVWUHQJWKWHVWLQJRIWKHMRLQW %DVHGRQWKHDQDO\VLVRIWKHEUD]HGLQWHUIDFHSURSRVH
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